We investigate adatom self-diffusion on the rebonded step (RS) reconstructed Ge(105) surface. Activation energies for several paths are computed ab initio by applying the nudged elastic band method and used as input parameters for kinetic Monte Carlo simulations. We show that the RS reconstruction strongly influences adatom kinetics, which turns out to be fast at typical experimental temperatures, along both [010] and ͓501͔ directions. The influence of strain on diffusion is also investigated. Our results are shown to be relevant for a better understanding of the growth modality of Ge pyramids on Si(001).
I. INTRODUCTION
Deposition of Ge on Si substrates produces elastic-energy accumulation due to the sizable lattice misfit. Under suitable experimental conditions, strain is released via the formation of three-dimensional islands of nanometric size. 1, 2 Due to the possible technological applications and to the fascinating physics underlying such phenomena, Ge/ Si (and SiGe alloys grown on Si substrates) have been the object of several experimental and theoretical studies (for a review, see Refs. 3 and 4). The importance of the (105) surface in Ge/ Si͑001͒ systems was clearly demonstrated by the STM images of Mo et al., 1 showing Ge huts clusters bounded by {105} facets fast growing on Si(001). Since then, several other experimental evidences revealed how easily {105} orientations appear in Ge or Si x Ge 1−x growth on Si(001). [4] [5] [6] [7] Very recently, it has been shown that a rebonded-step (RS) reconstruction 8 is energetically favored [9] [10] [11] on the Ge(105) surface. In particular, it was demonstrated that the RS reconstruction actually takes place at Ge pyramids facets, 9 and that it plays a key role in determining the dots stability. 9, 12 Such a reconstruction dramatically changes the as-cut geometry, virtually eliminating the step stucture, flattening the (105) surface, and causing enhanced stability under compressive strain. [11] [12] [13] [14] If the above mentioned references provide detailed theoretical information about surface thermodynamics, kinetics at the RS(105) surface is still unexplored. Since kinetics often plays a key role in determining the morphology of growing films, 15, 16 understanding how and how fast atoms move at the RS(105) surface should be regarded as a crucial step towards a comprehensive microsopic modeling of the observed dot growth modes. 1, 2, 6, 7 In this paper we investigate isolated Ge adatom self-diffusion on the Ge RS(105) surface. Our aim, in particular, is to understand what is the role played by the RS reconstruction in influencing kinetics. If diffusion at the (105) surface, as cut, is expected to reflect the anisotropy typical of vicinal surfaces, where step crossing is hindered by step barriers, 16 it is interesting to see how deeply can the RS reconstruction change this scenario. In order to make quantitative predictions useful for further modeling, we evaluate the tracer diffusion coefficient along the ͓501͔ and [010] directions, corresponding to the base-totop and to the lateral direction, respectively, in a {105} pyramid facet. To this goal, by following an ab initio approach, we first determine the location of the adatom local minima on the surface. Activation energies, relative to paths connecting neighbouring minima, are subsequently computed. After evaluating the corresponding rates using the harmonic approximation to the transition state theory 17 (hTST), we run kinetic Monte Carlo simulations, ultimately yielding the diffusion coefficients. While results are initially found for an unstrained Ge(105)RS surface (as found at the top of {105} Ge dots), the whole set of calculations is then repeated for a Ge(105)RS surface under a ϳ4% compressive strain, in order to mimic the typical conditions found close to the Ge/ Si͑001͒ dots base, where the lattice parameter approaches the Si-bulk one. 4 The paper is organized in the following way. At the beginning of Sec. II we describe the methodology used to locate Ge adatom minima, and to compute diffusion barriers. In Sec. II A the typical geometry of the adsorption sites is reported, while the activation energies values are introduced in Sec. II B. Kinetic Monte Carlo trajectories and diffusion coefficients are described in Sec. III. The effects of compressive strain on diffusion is tackled in Sec. IV, while in Sec. V we link the present results to observed Ge pyramid growth modes, and to previous modeling, before summarizing the main points discussed in the paper.
II. LOCAL MINIMA AND ACTIVATION ENERGIES
All the diffusion barriers reported in this paper were computed ab initio, by applying the ultrasoft pseudopotential method, as implemented in the VASP code. [18] [19] [20] [21] The local density approximation of Ceperley and Alder as parametrized by Perdew and Zunger 22 was utilized. The RS reconstructed (105) surface configuration was considered as a periodic arrangement of slabs separated by 12 Å of vacuum. Each slab was composed of 14 ML. All of the atoms were allowed to relax, but the four bottom layers were kept fixed to bulk positions, while dangling bonds at the lower surface were saturated with hydrogen atoms. We used an energy cutoff of 200 eV. The in-plane lattice parameter a ʈ was set to a ʈ = 5.6567 Å (except for the results reported in Sec. IV, where a ϳ4.2% reduction in a ʈ was considered), corresponding to the experimental Ge-bulk equilibrium value (close to the LDA one a ʈ = 5.623 Å), while a 4 ϫ 5 ϫ 1 grid of Monkhorst-Pack points turned out to be sufficient to guarantee results convergence. In finding local minima, atomic relaxations, performed by using a conjugate gradient algorithm, were stopped when the forces on the atoms were less than 0.01 eV/ Å. In order to compute the adatom diffusion barriers, we have used the nudged elastic band (NEB) method, 23 with the inclusion of the climbing-image refinement, 24 which allows for accurate saddle-point energy estimates. Due to the very high number of activation energies involved in our calculations, geometry optimizations of the saddle points were stopped by using a less restrictive criterium (forces less than 0.08 eV/ Å). Still, convergence checks performed on two randomly selected saddle-point configurations yielded differences in barriers less than 0.02 eV.
A. Local minima: results
In order to investigate diffusion on Ge(105), we first identified the adatom binding sites. We probed with a Ge adatom the RS reconstructed Ge(105) surface by using a 7 ϫ 6 grid of initial adatom surface coordinates, and by minimizing the energy of the system in each position. The geometry of the RS surface, already described in previous papers (for example, see Refs. 9, 11, and 12), displays an array of horseshoe (HS-) like structures, sketched in Fig. 1 .
Notice that the surface unit cell (central rectangular area in Fig. 1 ) is relatively large with respect to the one of the 2 ϫ 1 Ge(001), where many nonequivalent binding sites were reported, 25 so that a proliferation of possible local minima is expected. Indeed, we found 13 nonequivalent binding sites resulting in a total of 26 sites in the cell, because of the twofold rotational symmetry axis along the [010] direction. The 26 minima are indicated by stars and letters (A , B , ... , M for the first set, AЈ , BЈ , ... , MЈ for the symmetrically equivalent ones) in Fig. 1 . Few additional local minima emerged during the calculation of the diffusion barriers. All of them, however, turned out to be extremely shallow, and are not included in Fig. 1 . The differences in binding energy are summarized in Table I (upper row). The best adsorption sites turn out to be B ͑BЈ͒ and D ͑DЈ͒, extremely close in energy. While in Fig. 1 all minima are represented at once, and HS structures are drawn in their unperturbed, clean surface configuration, a better idea of the adatom-surface binding can be inferred from Fig. 2 , where the unperturbed HS structure (upper panel) is shown together with the lowest-energy sites, i.e., B (central panel) and D (lower panel). The presence of the adatom in B or in D is particularly stabilizing since it saturates one dangling bond on both adjacent dimers, similarly to what happens at the (001) surface (see Fig. 1 in Ref. 25) . While in the B and D configurations the adatom does not produce major distortions in the HS structure (changes in the tilting of the dimers adjacent to the adatom, though, can be spotted in Fig. 2 ), this is not the case when the sites A, C, E, or L are occupied, leading to a breaking in one of the bonds of the HS structure. As it is illustrated in Fig. 3 , the presence of the adatom in A (upper panel) pulls one of the atoms of the more distant HS towards the HS stucture to which the adatom is attached with two bonds. A similar change occurs in the E configuration, where, however, the adatom sticks to the lower HS with a single bond. In L (and, similarly, in C), on the other hand, the adatom binds to two HS atoms, breaking their bond. The sizable stretching of some of the HS bonds in the clean-surface configuration 12 surely helps in causing the here observed bond-breaking processes.
B. Activation energies: results
In order to scan for possible jumplike diffusion mechanisms (more complex events, such as exchanges between the adatom and a surface atom were not investigated), we have calculated the energy barrier along paths joining neighboring minima. In Fig. 1 , dashed lines are drawn between all the local-minima pairs for which the activation energy was TABLE I. Difference in energy (eV) between the various minima sketched in Fig. 1 , and the best adsorption site. Upper row values refer to the Ge in-plane lattice parameter ͑a Ge ͒, while the lower row reports the results obtained at a Si . The lowest-energy site is B for a ʈ = a Ge and D for a ʈ = a Si . evaluated. Barriers were computed using the NEB method, which is described with many details in several publications (see, e.g., Refs. 23, 24, and 26). Here we simply recall that the method allows one to find the saddle point separating adjacent minima without knowing a priori the multidimensional reaction coordinate. This goal is achieved by building a chain of images laying between the initial and final minimum (which are the initial and final image), by artificially connecting the neighboring ones with springs, and by finally minimizing an appropriate effective force acting on each image. In our NEB calculations, the chain of states was initialized by linearly interpolating the initial and the final configurations. Depending on the path length, five or seven NEB images were used. After convergence of the NEB procedure, due to the complexity of the (105)RS geometry, diffusion paths between adjacent minima generally turned out to be nonlinear. Similarly, saddle-point configurations were not found in symmetric positions between the minima.
Due to the very high number of activation energies computed in this work, we shall not display the various saddle-point configurations. Simply, we shall focus on the typical activation-energy values, which are reported in Table II (see the a ʈ = a Ge rows). The energy barrier to move from one of the 26 minima P to a neighbor Q is indicated by E PQ in Table II . The reverse barrier to move from Q to P can be computed using the obvious relation E QP = E PQ − ͑E Q − E P ͒, where E P and E Q , reported in Table I , are the energies of the P and Q minima. Finally, if point P and/or Q are not reported in Table II , but their symmetric ones are ͑PЈ , QЈ͒, one should recall that E P,Q = E P Ј ,Q Ј and E P Ј ,Q = E P,Q Ј . These simple rules allow one to know the barrier values for every path indicated in Fig. 1 . As is clearly seen in Table II , the activation energies for the individual mechanisms are distributed over a wide range of values, ranging from several meV to eV. This lack of uniformity reflects the complexity of the RS(105) unit cell, already evident from the local-minimum analysis. In the next section, we shall model long time-scale adatom diffusion by KMC simulations. The trajectory analy- sis will help in revealing which of the events displayed in Fig. 1 are more relevant in determining adatom diffusion.
III. KINETIC MONTE CARLO SIMULATIONS
Once the activation energies for individual processes are known, the corresponding diffusion rates can be immediately evaluated using hTST. In particular, if E i is the activation energy for a given mechanism i, the corresponding rate i can be estimated using the Arrhenius relation
where i 0 is a frequency prefactor, T the substrate temperature, and k B the Boltzmann constant. In the present calculations, we have estimated the diffusion rates by using the activation energy values reported in Table II (see the a ʈ = a Ge row), and by setting all frequency prefactors i 0 to the standard value of 10 13 s −1 (a popular choice in modeling diffusion at semiconductor surfaces, see Refs. 27 and 28), avoiding computationally expensive prefactor evaluations. In the presence of several alternative diffusion paths characterized by very different activation energies (see Table II ), the simple knowledge of the individual rates does not allow one to understand the overall diffusive behavior of the system. Trajectories representative of the state-to-state dynamics are needed. In order to generate such trajectories, we have simulated adatom diffusion across several unit cells by plugging the individual rates into a kinetic Monte Carlo (KMC) code. KMC is nowadays considered to be a standard simulation technique. Seminal works on KMC can be found in Refs. 29-31. Here we quickly summarize some general apsects of KMC simulations which we exploited in our calculations. In each state S visited by the system, a list of possible mechanisms and rates to exit from S is provided. If tot S = ͚ i i S is the total rate for diffusing out of S, a probability p j S = j S / tot S is assigned to each individual mechanism that can take the system out of S. Once one of the possible mechanisms has been chosen with the correct statistical weight ͑p j S ͒, the system is moved into a new state determined by the particular mechanism, the simulation time is advanced by extracting the escape time t from the distribution f͑t͒dt = tot S exp− ͑ tot S t͒dt, and the procedure is repeated until the desired time scale is reached. If the list of rates is complete, and rates are computed exactly, KMC simulations allow one to simulate exact state-to-state dynamics.
In Fig. 4 , we show three typical KMC trajectories corresponding to a temporal evolution of 0.1 s, at T = 600 K (left panel), T = 700 K (central), and T = 800 K (right), a typical temperature used in Ge dots growth on Si(001). 9 In the figure, the size of the portion of the cell represented is scaled in order to show the whole trajectory. As it is particularly clear in the T = 800 K case, where a larger number of events is displayed, diffusion appears to be rather isotropic. The overall trajectories are given by the combination of many different atomic mechanisms. While it is impossible to relate the diffusive process to a single path, some general features of the atomic motion can be inferred. Atoms move by repeatedly entering and exiting from the HS structures, while positions within the trenches separating such structures are rather rare. This behavior can be understood by looking at the minima location (Fig. 1) , at their energy (Table I) and at the typical barriers (Table II) . Local minima are concentrated in the close surrounding and inside HS structures, where the adatom can fill more easily surface dangling bonds. Once the adatom reaches the best adsorption site, B, the lowest barrier mechanism corresponds to a jump into the HS structure, for example, to site L, from where it easily reaches M. At this point exiting and reentering in the HS is extremely easy. Moving from M to K only requires to surmount E MK ϳ 60 meV. The reverse path is also characterized by a very low barrier ͑E KM ϳ 0.16 eV͒, so that KMC trajectories are characterized by long M → K → M sequences. In this event, the adatom moves from one minimum to the other without breaking bonds, displaying a rotationlike motion around one of the HS bonds (see Fig. 1 ). As is clear from Table II, other similar low-barrier events take place. Notice, however, that Fig. 1 (the vertical direction is [010] , the horizontal ͓501͔) are represented with full circles. The adatom trajectory is traced with a solid line (red, in the electronic version of the paper). A thicker line is used when multiple transitions between the same pair of minima occurred (not visible at T = 800 K, due to the very high number of processes displayed). such events, although very frequent, do not allow for a truly diffusive motion, which requires the adatom to move between different HS, surmounting higher barriers (such as E BA , E BI , or E DE ).
The above observed isotropic diffusive behavior is an important consequence of the RS reconstruction. The (105) surface, as cut from the bulk, is a typical vicinal surface characterized by a set of parallel steps. 9, 11 Diffusion across the steps is likely to be slower since step barriers need to be surmounted (see, e.g., Ref. 16 ). So, in the absence of the reconstruction, one would predict the [010] direction (vertical in Fig. 4 ) to be preferential for atomic motion. As explicitly demonstrated by our results, the RS reconstruction changes completely the diffusion scenario. In order to clarify further this issue, we have computed the adatom diffusion coefficient in the [010] and ͓501͔ directions. To this goal, we have estimated the time-dependent mean square displacements ͗X 2 ͑t͒͘ and ͗Y 2 ͑t͒͘ as projected onto the [010] ͑Y͒ and ͓501͔ ͑X͒ directions by averaging over 3 ϫ 10 5 independent KMC simulations at different temperatures ͑T ͓700, 1000͔ K͒. We then extracted the diffusion coefficients by using for both directions the one-dimensional Einstein relation D X = lim t→ϱ ͗X 2 ͑t͒͘ /2t (an analogous expression holds for D Y ). In the KMC simulations, the initial atomic positions were randomly drawn from a Boltzmann distribution based on the minimum-energy values of Table I , while a few thousands extra thermalization steps were run before recording the trajectories. The diffusion coefficients are reported in Fig. 5 
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Thus, the effective barriers for diffusion in the ͓501͔ and in the [010] directions turn out to be E ͓501͔ ϳ 0.62 eV and E ͓010͔ ϳ 0.64 eV, respectively. Our results, thus, quantitatively demonstrate that diffusion at the (105)RS surface tends to be isotropic, at variance with what occurs at the (001) surface. 32 The actual value of the effective diffusion barriers is also interesting, since it shows that diffusion at the (105)RS surface is as fast as diffusion along the fast direction (i.e., along the dimer rows) on a Ge(001) c͑4 ϫ 2͒ surface under a ϳ4% compressive strain, 25 i.e., under conditions resembling a Ge wetting layer on Si(001). Therefore, we conclude that adatom diffusion on the (105)RS surface is an easy process at experimental temperatures ͑T տ 700 K͒, displaying typical diffusion coefficients (see Fig. 5 ) of the order of 10 −6 cm 2 /s. In the present section we have presented hTST-based estimates of the diffusion coefficient, and KMC trajectories illustrating the typical diffusive behavior for an isolated Ge adatom on the Ge(105)RS surface. Here we recall that hTST provides excellent estimates of the rates whenever E i is much greater than the thermal energy ͑k B T͒, so that the overall diffusive process can be considered as a sequence of rare, uncorrelated events. In practice, E i / ͑k B T͒ ratios of the order of ϳ4 − 5, are sufficient to guarantee the validity of hTST. 15 At the highest temperature considered in our simulations ( T = 800 K) rates for events with barriers of ϳ0.3 eV or higher should therefore be estimated correctly, while, for lower barriers, deviations from hTST should be expected. Some mechanisms with very low activation energies were found, but they were shown to simply cause local motion around the HS structures, without producing any real diffusive event. The effective diffusion barrier for adatom motion, indeed, turned out to be տ0.6 eV, indicating that the set of relevant events leading to diffusion falls well within the validity range of hTST. Finally, we would like to point to the reader the work of Penev et al., 33 where an approach alternative to KMC is used, yielding an analytical expression for the diffusion coefficient. In Ref. 33 , however, the number of elementary mechanisms was much smaller than in the present case, and a direct extension of the their calculations to our system appears highly nontrivial.
IV. DIFFUSION UNDER COMPRESSIVE STRAIN
We have presented our results for adatom self-diffusion on Ge(105)RS, at the Ge lattice parameter ͑a ʈ = a Ge ͒. It is important to recall that in three-dimensional Ge dots on Si(001), the average lattice parameter changes along the dot, starting from a value close to the typical Si one at the base, and expanding towards a Ge . 3 Therefore, the results reported in the previous section should be regarded as representative of diffusion at the pyramids facets close enough to the apex. In order to check whether compression significantly affects diffusion, we have repeated our calculations at a ʈ = a Si = 5.431 Å, i.e., by considering a ϳ4% compression of the in-plane lattice parameter, which should be representative of the typical situation encountered in the proximity of the pyramid base. 34 Since our aim here is simply to understand if the qualitative features (fast and isotropic diffusion) found for a ʈ = a Ge still hold, in repeating the calculations for a ʈ = a Si we tried to save some computational time. In particular, we did not perform the whole local-minima search described in Sec. II A. Simply, we reconverged at a ʈ = a Si the 13 nonequivalent minima position found for a ʈ = a Ge . The relative energies (computed with respect to the best adsorption site D for a ʈ = a Si , while site B was slightly favoured at a ʈ = a Ge ) can be found in the second row of Table I .
The results reported in Table I allow one to capture strainrelated changes in energy differences among minima computed at the same lattice parameter. In order to directly compare the binding energy at the various sites for the two lattice-parameter values, we computed the difference between the total energy of the slab containing the adatom at a given site and the total energy of the clean surface (both terms being evaluated at the same a ʈ value). Results are reported in Table III . 35 The table shows that the trend in the adsorption energies vs lattice parameter depends on the actual site. While for most of the sites the energy for a ʈ = a Ge is lower than the corresponding one for a ʈ = a Si , this is not what happens at the best adsorption sites (B and D) where compression seems to enhance stability. This energy lowering can be qualitatively explained in terms of bond stretching. In both B and D configurations the adatom binds to two HS atoms. For a ʈ = a Ge these bonds tend to be stretched. For istance, in minimum B, the length of the bond between the adatom and the HS atom on its right side (see the central panel of Fig. 2 ) is ϳ3.5% expanded with respect to the bulk distance. A similar expansion characterizes also the length of the bond between the adatom in D and the HS atom to its left (lower panel of Fig. 2) . As a consequence, by reducing a ʈ to a Si one enhances the stability of such bonds.
While common sense would suggest binding energies to be minima at the bulk lattice parameter ͑a Ge ͒, the observation of an opposite trend occurring at some sites is not new. Van de Walle et al., already observed compression-enhanced adsorption sites stability on the Ge(001), c͑4 ϫ 2͒ reconstructed surface. 25 We believe that in both the present case and in Ref. 25 , the odd trend in the binding-site energetics is linked to the complexity of the surface reconstruction, which is characterized by a local atomic configuration remarkably different with respect to the bulk one. While the total energy of an infinite substrate with a surface obviously reaches its minimum value at the bulk lattice parameter, in the presence of surface reconstructions involving major rebonding, additional isolated adatoms cannot be considered as representative building blocks for adding a new monolayer to the substrate. As a consequence, the energetics of the single adatom does not necessarily reflect the thermodynamic of the whole system. Additional work investigating lattice-parameter dependent ad dimers and ad islands binding energies is surely needed in order to further clarify this issue.
While at the lowest-energy minima (B and D), the latticeparameter reduction does not cause major rearrangements, in some of the other configurations qualitative changes are observed when passing from a ʈ = a Ge to a ʈ = a Si . For example, in minimum A the reduced lattice parameter prevents the previously discussed adatom-induced dimer breaking (compare the upper panel of Fig. 3 with Fig. 6 ) and, in turn, the formation of an additional bond between the adatom and the surface. As a consequence, the binding energy at site A decreases at a ʈ = a Si (see Table III ). Somewhat similar changes are observed also at sites C, E, and L, and in all such cases the minima are deeper for a ʈ = a Ge .
After reconverging the 13 nonequivalent minima configurations at a ʈ = a Si , we also repeated the whole set of activation-energy calculations described in Sec. II B. In order to save computational time, saddle points were optimized using a 2 ϫ 3 ϫ 1 grid of Monkhorst-Pack points. We verified for two saddle-point configurations that the use of a larger, 4 ϫ 5 ϫ 1 grid, did not change in any significant way the estimate of the diffusion barrier. The various activation energies are reported in the second row of Table II. Comparing such values with the ones obtained at a ʈ = a Ge (first row of the same table), we notice that most (but not all) barriers are raised by the compressive-strain action, in qualitative agreement with the results of van de Walle et al. on Ge adatom diffusion on Ge(001). 25 KMC simulations, repeated using the whole set of the a ʈ = a Si results, confirmed this observation, leading to an estimate of E ͓501͔ ϳ 0.72 eV (ϳ0.1 eV higher than the result obtained at a ʈ = a Ge ) and E ͓010͔ ϳ 0.67 eV ( TABLE III. Binding energies (eV) for the various adatom local minima computed at both a ʈ = a Ge and a ʈ = a Si . Energy values are evaluated by subtracting the total energy of the various configurations to the energy of the clean surface, at the two different lattice parameters. ϳ0.03 eV higher than at a ʈ = a Ge ). It might be worth noticing that on fcc metal surfaces an opposite trend has been predicted, 36, 37 demonstrating that the dependence of the adatom jump barrier on the lattice parameter is strongly system dependent.
To this end, a ϳ4% compressive strain tends to slow down diffusion in both [010] and ͓501͔ directions, the effect being more pronounced along the latter. Changes in barriers, however, are not particularly significant at the typical experimental temperatures, and the overall picture of fast and almost isotropic diffusion is likely to hold for any compressive strain in the range (4-0 %), i.e., along the whole Ge pyramid facet in Ge/ Si͑001͒ systems.
V. CONCLUSIONS: INFLUENCE ON PYRAMID GROWTH MODES
Ge three-dimensional islands grown on Si(001) are well known to display a bimodal behavior. The coexistence between small {105} pyramids and larger domes has been clearly demonstrated in two seminal experimental papers. 6, 7 Recently, Seifert and co-workers 38 provided a simple explanation for the pyramid-to-dome transition: new {105} layers preferentially nucleate at the topmost regions of the pyramid facets, due to the lattice parameter expansion towards the Ge bulk value. Hence, material tends to accumulate in such regions, facilitating the formation of the steeper facets which characterize the dome geometry. A very detailed, atomicscale evidence for such a transition path is provided in Ref. 39 , where STM images demonstrate a progressive step bunching taking place close to the pyramids apex, eventually leading to the transformation between {105} and domelike steep facets. The above reported evidence suggests that pyramid growth proceeds from top to bottom: a critical nucleus is created at the topmost regions, while facets are completed afterwards by a fast step-flow process. In order to justify such an evidence, one needs to assume surface diffusion to be fast in the base-to-top ͓͑501͔͒ direction, since new material is observed to climb the facets and to easily reach the upper regions. The results presented in this paper provide a theoretical justification for such an assumption. Notice that, in the absence of the actual {105} facets reconstruction, a fast facet-climbing process would be hardly justified. Indeed, facets would display a staircaselike geometry, and motion towards the apex would involve a repeated (slow) stepcrossing process. The model of Ref. 40 (published before the RS reconstruction was demonstrated to characterize the dots facets 9 ) was based on this picture, and predicted a bottomside-up growth mode, at variance with the recent results of Refs. 38, 39, and 41.
In this work we have investigated adatom self-diffusion at the Ge(105) surface, reconstructed following the RS model. Based on ab initio estimates of various atomic diffusion paths and on KMC simulations, we have shown that diffusion at typical experimental temperatures is an easy process, almost equally fast along the ͓501͔ and [010] directions, particularly relevant for modeling Ge pyramids growth on Si(001). In eliminating the typical step structures of the ascut (105) surface, the RS reconstruction makes it easier for adatoms to reach the topmost regions of {105} Ge pyramids grown on Si(001), where nucleation of a new facet seems favored from a thermodynamic point of view. Hence, the present calculations provide theoretical support to the recent experimental evidences of a top-to-bottom pyramid growth mode. More work, however, is surely needed in order to build a satisfactory atomistic model of kinetics at Ge pyramids, including a comprehensive analysis of dimers and larger islands stability and mobility at the {105} facets.
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